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A.J. Ploeg,* J.-W. Lardenoye, M.-P.F.M. Vrancken Peeters and P.J. BreslauDepartment of Surgery, Red Cross Hospital, Hague, The NetherlandsObjectives. This study was performed in order to assess morbidity and mortality associated with major lower extremity
amputation according to an extensive complication registration system used in our hospital.
Methods. All consecutive patients who underwent lower limb major extremity amputation were included from January
1996 until December 2002. Complications were prospectively registered according to our standard complication registration
system.
Results. In 97 patients 122 amputations were performed including 45 above (AKA) and 77 below (BKA) knee amputations.
The conversion rate from below to above knee amputation was 14%. In 65 patients 107 complications occurred (67%). The
incidence of wound infection was 10% in the BKA group and 2% in the AKA group. The most frequently reported
complications were pressure sores (8%) or originating from the urinary tract (13%). The hospital mortality for BKAwas 9%
and for AKA 18%. Long-term survival was 62% at 1 year, 50% at 2 years and 29% at 5 years.
Conclusions. An extensive registration system provides us with a detailed insight into the incidence, consequence and cause
of complications. Major lower extremity amputations are still associated with considerable morbidity and mortality.Keywords: Amputation; Vascular disease; Postoperative complications.Major lower extremity amputations are still widely
performed. The main cause is end stage peripheral
arterial occlusive disease. Some population-based
studies report a decrease in number of amputations
as a result of vascular interventions.1,2 However,
several other studies suggest that major lower extre-
mity amputation rates have remained relatively
unchanged in the past two decades.3–7 This is mainly
due to ageing of the population and a growing
prevalence of atherosclerosis and diabetes mellitus.
Patients undergoing major lower extremity amputa-
tion often have co-morbidities, especially diabetes
mellitus, cardiovascular and renal disorders,8 hence
postoperative morbidity and mortality rates are high.
Complications mentioned in literature are mostly
related to wound healing or survival; little is reported
about the variety of other complications occurring
postoperatively (cardiac, respiratory, pressure sores or
urinary tract complications). Below knee amputations
are associated with more complications than above
knee amputations.4 Below knee (BKA) and above knee
amputation (AKA) are associated with a 5–10% and aing author. A.J. Ploeg, MD, Department of Surgery,
spital, Sportlaan 600, 2566 MJ Hague, The Netherlands.
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Overall survival is reported as 69–78% at 1 year and
33% at 5 years.9,11,12
To achieve a decrease in postoperative morbidity
and mortality and a subsequent improvement in
treatment of the patient, it is important to have a
detailed documentation of all complications. The aim
of this study was to assess the incidence, consequence
and cause of complications after major lower extre-
mity amputation during a 7-year period in our
hospital according to an extensive prospective regis-
tration system used at the department of surgery of the
Red Cross Hospital. Furthermore, patients were
followed postoperatively in order to document long-
term survival after major extremity amputation.Methods
All patients who underwent major amputation of the
lower extremity in our hospital between January 1996
and December 2002 were included. Patient demo-
graphics were documented including gender, age and
presence of co-morbidities. Major amputation
included below knee (BKA) and above kneeEur J Vasc Endovasc Surg 29, 633–637 (2005)
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knee which was converted to an above knee amputa-
tion during the study period, were included in the
AKA group for patient demographics. By using our
prospective registration system, all complications that
occurred after major lower extremity amputation were
included and the incidence, consequence and cause of
all complications were analysed. In this complication
registration system every unwanted development of
the illness of the patient or the treatment of the
patient’s illness that occurred in the clinic was
considered a surgical complication. Mortality was
defined as death without discharge from the hospital.
Registration of complications took place twice a day
in the morning and evening ward meetings. The actual
classification was done according to a standard
registration sheet and executed by all surgical staff
members, residents and interns attending a weekly
session.13 The consequence of the complication to the
patients’ health was described. For example, urinary
retention was considered a small complication. Pro-
longed admission time was defined as a prolonged
stay compared to the mean hospital stay among
patients who did not have a complication. Irreversible
damage included for example a stroke. Furthermore,
the actual cause of complication was assessed during
the weekly session. Hereby history of the patient,
physical examination and clinical course were con-
sidered and the cause of complication was deter-
mined. If the detrimental effect of the complication
was due to circumstances related to the hospital stay
or due to logistic imperfections in hospital manage-
ment, the complication was described as being a
shortcoming in management (subgroup A), for
example, pressure sores. Complications such as
necrosis of the stump or postoperative haemorrhage
were considered shortcomings in operative technique
(subgroup B). Long-term effects of previous onset
illness that emerged in the postoperative period were
classified as complications due to the patient’s disease,
for example, respiratory distress as a result from an
exacerbation of COPD (subgroup C). Physicians from
outside the surgical department could also cause
complications, for example, a pneumothorax after
subclavian vein catheterization performed by the
anaesthesiologist (subgroup D).
To determine 5-year survival in this group of
patients, their most recent visit to our outpatient clinic
was recorded. If patients were lost to follow-up in our
hospital than their general practitioner was sub-
sequently contacted. If they could not provide the
necessary information the Governmental Mortality
Registration System was checked. Statistics were
performed using the Chi-square test for discreteEur J Vasc Endovasc Surg Vol 29, June 2005variables; the Fisher’s exact test for small numbers
and t-test for continuous variables. Patient survival
was determined with the Kaplan–Meier method. All
differences were considered significant at p!0.05.ResultsPatient characteristics
One hundred and twenty two amputations were
performed on 97 patients (Table 1). All patients
suffered from obstructive arterial disease. Seventy-
nine patients (80.4%) underwent prior vascular recon-
struction surgery. During the study period a total of
632 vascular reconstructions were performed on 466
patients who had symptoms classified as Fontaine
stage III or IV. This included 293 suprageniculate
femoral popliteal bypasses, 98 infrageniculate femoral
bypasses and 97 femorocrural bypasses. There were 49
men and 48 women with a median age of 73 years (26–
96 years). Major co-morbidities present were diabetes
mellitus, a history of myocardial infarction, stroke and
renal failure requiring dialysis.Number of procedures and conversions
A total of 45 above knee amputations and 77 below
knee amputations were performed in 97 patients (Fig. 1).
Eleven above knee amputations were performed
after initial below knee amputation (14.3%). The
cause of conversion to a higher level of amputation
was wound infection in seven patients and necrosis of
the stump in four patients. There was no significant
difference with regard to conversion whether previous
revascularisation had been performed.Evaluation of complications
In 65 patients 107 complications occurred (67%)
(Table 2). In the BKA group wound infection was most
common, followed by necrosis of the stump, urinary
tract infection and sepsis. In the AKA group pressure
sores were most common followed by pneumonia and
urinary retention. Thirty-day mortality was 5.2% for
BKA and 17.8% for AKA. The hospital mortality for
BKA and AKA was 9.1 and 17.8%, respectively. The
cause of death was from cardiac origin in seven
patients, sepsis occurred in five patients, two patients
died of pneumonia and one patient died from end
stage renal disease. Most complications in the BKA
group and in the AKA group were considered a small
Table 1. Patient characteristics
NZ97 BKA (nZ54) % AKA (nZ43) % p
Age (years) 73 (26–91) 74 (46–96)
Men 27 50.0 22 51.2 ns
Diabetes 24 44.4 17 39.5 ns
Previous myocardial
infarction
17 31.4 15 34.9 ns
Stroke 5 9.3 11 25.6 0.02*
COPD 1 1.9 4 8.5 ns*
Renal failure 3 5.6 5 11.6 ns*
Prior vascular
reconstruction surgery
40 74.1 39 90.7 0.04*
* Fisher exact test.
Vascular Surgery, Major Lower Extremity Amputation 635complication or required additional medication or
transfusion (Table 3). 11.7% of the complications in
the BKA group required a reoperation and 14.9% in
the AKA group (IIb). In the BKA group the cause of
reoperation included three wound infections, two
stump necroses, one postoperative bleed and one
removal of an infected prosthesis. In the AKA
group, the cause of reoperation included one wound
infection, two stump necroses, two postoperative
bleeds, one removal of an infected prosthesis andFig.one false aneurysm of the femoral artery. A
prolonged stay in the hospital was necessary in
10% of patients (IIc). 6.4% of all complications in the
AKA group caused irreversible damage (III), all of
these concerned strokes. Complications due to
management or surgical technique were present in
30% of the BKA group and 21.3% of the AKA group
(A and B). The cause of complication was due to
the patient’s disease in 51.7% of the BKA group and
in 78.7% of the AKA group (C).1.
Eur J Vasc Endovasc Surg Vol 29, June 2005
Table 2. Complications
BKA % AKA % p
Number of procedures 77 45
Bleeding 0 0 3 6.7 ns
Congestive heart failure 1 1.3 2 2.6 ns
Sepsis 3 3.9 3 6.7 ns
Necrosis of the stump 6 7.8 2 4.4 ns
Pneumonia 3 3.9 5 11.1 ns
Stroke 1 1.3 1 2.2 ns
Myocardial infarction 2 2.6 2 4.4 ns
Wound infection 8 10.4 1 2.2 ns
Urinary tract infection 3 3.9 3 6.7 ns
Urinary retention 3 3.9 5 11.1 ns
Pressure sores 2 2.6 7 15.6 0.0098*
Hospital mortality 7 9.1 8 17.8 ns
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Long-term survival for all patients was 62% at 1 year,
50% at 2 years and 29% at 5 years (Fig. 2). During the
study period four patients were lost to follow-up. The
mean follow-up was 25.7 months (0–89.6 months). Discussion
Major extremity amputations are still associated with
high morbidity and mortality. In our study only 32
patients had an uncomplicated clinical course (33%).
However, in 65 patients a total of 107 complications
were reported (67%). This complication rate was
notably higher compared to other series, which varied
from 15 to 30%.2,12,14 Perioperative complications
described in previous studies include cardiac, pul-
monary, pressure sores, sepsis, bleeding, reoperation
and wound infection.9,12 Because of our extensive
prospective complication registration system all com-
plications were included, even when it was considered
a small complication with no long-term effect.
In previous studies we have describedTable 3. Standard registration system for the evaluation of
complications in surgical patients
BKA (nZ60) AKA (nZ47)
I Small complication, no long
term effect
20 (33.3%) 10 (21.3%)
II a Additional medication or
transfusion
20 (33.3%) 14 (29.8%)
II b Reoperation 7 (11.7%) 7 (14.9%)
II c Prolonged stay in the hospital 6 (10.0%) 5 (10.6%)
III Irreversible physical damage 0 (0%) 3 (6.4%)
IV Exitus 7 (11.7%) 8 (17.0%)
Cause of complication
A Shortcomings in management 15 (8.3%) 4 (8.5%)
B Shortcomings in surgical
technique
13 (21.7%) 6 (12.8%)
C Patient’s disease 31 (51.7%) 37 (78.7%)
D Outside surgical department 1 (0.2%) 0 (0%)
Eur J Vasc Endovasc Surg Vol 29, June 2005improvement in treatment as a result of improved
patient management.15–17 Pressure sores was a fre-
quently reported complication in our study. We
recommend the use of pressure-decreasing mattressesFig. 2. Kaplan–Meier curve.
Vascular Surgery, Major Lower Extremity Amputation 637in addition to optimising the nutritional status of all
patients undergoing a major lower extremity amputa-
tion to prevent pressure sores. Furthermore, 6.6% of all
complications included postoperative urinary reten-
tion. The use of a Foley catheter should be considered;
especially in patients who undergo an above knee
amputation.
Our study confirms that BKA’s are associated with
more healing problems then AKA’s as previously
reported by van Soest and Cruz.4,18 Although a
significant difference between both groups could not
be observed, a trend towards less wound problems in
the AKA group is noticed. The higher incidence of
wound problems after BKA is a result of impaired
microscopic vascularisation at the level of amputation.
Choosing the right level of amputation remains a
clinical decision in which objective data, such as
Doppler systolic pressure or transcutaneous oxygen
measurements has limited value.12,18
Interestingly, we found that necrosis of the stump
after BKA could be managed conservatively most of
the time but if infection of the stump occurred, almost
all patients required revision to a more proximal level
of the affected limb. The BKA to AKA conversion rate
of 14.3% was similar to other authors.4,12,19 The
majority of the complications were due to the patient’s
disease both in the BKA and AKA group. This is not
unexpected because patients undergoing major limb
amputation are likely to have extensive co-
morbidities.
Hospital mortality in our study is similar to
previous studies.18,19 Cruz et al. reported a 30-day
mortality for BKA and AKA of 12 and 17%,
respectively.4 A revascularisation procedure prior to
amputation was performed more often in the AKA
group compared to the BKA group. In the AKA group
90.7% of the patients underwent a revascularisation
procedure prior to amputation, this is rather high
compared to other investigators.4 More patients in the
AKA group had a previous history of stroke compared
to the BKA group; this displays the generalised entity
of atherosclerosis.
A previous report showed a 5-year survival of 60%
in patients who underwent femoral tibial bypass
grafting.14 Patients who underwent major lower
extremity amputation had an even more impaired
long-term survival of 29% at 5 years. Other studies
show similar dismal results.4,10,12 In conclusion this
study shows a detailed insight into the incidence,
consequence and cause of postoperative complications
associated with major lower extremity amputation.References
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